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Description 

METHOD AND DEVICE FOR CALIBRATING 
DRIVING SIGNALS OF A PRINTHEAD 

Background of Invention 
[0001] 1. Field of the Invention 

[0002] The present invention provides a method and a device for 
calibrating driving signals of a printhead, and more par- 
ticularly to a method and a device that prints a test pat- 
tern for rectifying driving signals of a printhead. 

[0003] 2. Description of the Prior Art 

[0004] Inkjet printers provide good printing quality at a fair price 
and as a result, have become the most popular printing 
equipment. With the quick advancement of technology, 
better printing quality has been a target that information 
industrial circles work for. Generally speaking, an Inkjet 
printer utilizes a carriage holding an Inkjet printhead. The 
Inkjet printhead utilizes a heating device (ex. heating re- 
sistors) to heat the ink instantaneously for generating 



bubbles that further jets the ink out. As a result, the con- 
sistency of the quantity of the ink jetted out has a great 
influence on the print quality, especially in the quality of a 
high-resolution Inkjet printhead. In general, an Inkjet 
printhead comprises a nozzle layer and a chip. The nozzle 
layer comprises a plurality of nozzles, and the chip com- 
prises a plurality of heating devices and driving circuits. 
Each nozzle corresponds to a heating device and a driving 
circuit. The driving circuit is utilized to control the current 
that passes through the heating device for heating the ink 
and generating the bubbles; when the bubbles are gener- 
ated, the ink is pushed through the nozzle. The ejected 
quantity is related to the energy that the heating devices 
give to the ink. In order to control the energy that the 
heating devices give to the ink to maintain the consistency 
of the ejected quantity through each nozzle, not only is 
the consistency of the size of each nozzle is considered, 
but also the consistency of the circuit characteristic of 
each heating device and of each driving circuit when they 
are manufactured is considered. 
[0005] As known by those skilled in the art, the Inkjet printer has 
to provide a predetermined amount of energy to the ink, 
which then causes a proper quantity of ink to be ejected 



through the nozzle. In other words, the Inkjet printer has 
to output a proper driving signal so that the Ink Is heated 
to the predetermined energy. If the energy of heating the 
Ink Is not enough to heat the Ink to the predetermined 
energy, the ejecting speed of the Ink through the nozzle 
could be so slow that the Ink diverges from the predeter- 
mined position when the ink arrives at the printing 
medium, hence making the print quality bad. Further- 
more, If the energy used to heat the Ink In the Inkjet 
printer is too low, it could also cause a reduction in the 
ejected quantity of the Ink through the nozzle, thereby 
worsening the print quality. On the other hand. If the en- 
ergy for the heating Ink In the Inkjet printer is much more 
than the predetermined energy, it could make the tem- 
perature of the heating resistor too high, thereby lowering 
its life. If the heating resistor Is Ineffective, It Is possible 
that the Inkjet could no longer be used. Additionally, if the 
energy of heating the Ink In the printer Is too high, it will 
also slow the ejecting speed of the Ink through the noz- 
zle. Therefore, the print quality Is bad. From the above, 
one can see that how an Inkjet printer outputs a driving 
signal for the heating resistor to provide the proper en- 
ergy to the Ink has become an Important problem. 



[0006] Generally speaking, the driving signal used for the Inkjet 
printer according to the prior art is fixed. As a result, un- 
der the prior art, the cartridge to be used in the Inkjet 
printer must be set up in a way that the Inkjet printer can 
correctly heat the ink in the cartridge for ejecting the de- 
manded ink according to the driving signal. However, for 
an Inkjet printer in the prior art, the cartridge is a replace- 
able device. Because the driving signal mentioned above 
corresponds to a fixed waveform, the characteristic of 
each cartridge (ex: the value of the heating resistors) must 
be very close so that each cartridge that is to be used in 
the same Inkjet printer in the prior art is close in terms of 
print quality. Consequently, the quality control of the car- 
tridges must be at a high level in order to eliminate bad 
cartridges from production. Therefore, the production 
costs is raised because of the higher quality needs. More- 
over, the devices of the cartridge have unavoidable errors 
when produced. To sum up, the fixed driving signals pro- 
vided by the jet printer may not be the best driving signals 
for the Inkjet printheads of each cartridge, meaning that 
the Inkjet printer in the prior art cannot achieve the best 

print quality when executing the printing operation. 
Summary of Invention 



[0007] It is therefore a primary objective of tlie claimed invention 
to provide a method and a device that prints a test pattern 
for rectifying driving signals of a printhead to solve the 
above-mentioned problem. 

[0008] According to the claimed invention, a method for calibrat- 
ing driving signals of a printhead is disclosed. The 
method comprises utilizing a plurality of test driving sig- 
nals for printing a plurality of test patterns on a printing 
medium wherein each test driving signal drives the print- 
head to print one of the test patterns, selecting a test pat- 
tern with the optimal print quality from the test patterns, 
determining an optimal driving signal corresponding to 
the test pattern with the optimal print quality, and utiliz- 
ing the optimal driving signal to drive the printhead to 
print data. 

[0009] Also according to the claimed invention, a printing device 
that calibrates the driving signals of a printhead is dis- 
closed. The printing device comprises a printhead with a 
plurality of nozzles, and a controller connected to the 
printhead that is used to utilize a plurality of driving sig- 
nals for printing a plurality of test patterns on a printing 
medium with each test driving signal causing the print- 
head to print a test pattern. The printing device selects an 



optimal driving signal that corresponds to the test pattern 
with the optimal print quality from the plurality of test 
patterns and then utilizes the optimal driving signal to 
drive the printhead to print data. 

[0010] The claimed method for calibrating driving signals cali- 
brates the voltage level and pulse width of the driving sig- 
nal respectively and dynamically according to the hard- 
ware characteristic of different ink-jet printheads. There- 
fore, when a cartridge of an ink-jet printer is changed, the 
claimed method will start to calibrate every parameter of 
the driving signal that is used for the printhead of the 
added cartridge so that the ink-jet printhead can utilize 
the calibrated driving signal to provide the best print 
quality during an actual printing operation. 

[001 1] These and those objectives of the present invention will 

no doubt become obvious to those of ordinary skill in the 

art after reading the following detailed description of the 

preferred embodiment that is illustrated in the various 

figures and drawings. 
Brief Description of Drawings 

[0012] Fjg i is a function block diagram of an Inkjet printer that 
utilizes the method for calibrating driving signals accord- 
ing to the present invention. 



[0013] Fig. 2 is a waveform diagram of a driving signal sliown in 
Fig.l. 

[0014] Fig. 3 is a first operation diagram illustrating a method of 
calibrating driving signals according to the present inven- 
tion. 

[0015] Fig. 4 is a diagram of a close-up view of oblique lines 
shown in Fig. 3. 

[0016] Fig. 5 is a diagram of the oblique lines printed in different 

swaths shown in Fig. 3. 
[0017] Fig. 6 is a second operation diagram illustrating the 

method of calibrating driving signals according to the 

present invention. 
[0018] Fig. 7 is a diagram of a close-up view of color-blocks 

shown in Fig. 4. 

[0019] Fig. 8 is a waveform diagram of the third kind of test driv- 
ing signals used in the method for calibrating driving sig- 
nals according the present invention. 

[0020] Fig. 9 is a waveform diagram of the fourth kind of test 

driving signals used in the method for calibrating driving 
signals according the present invention. 

[0021] Fig. 10 is the third operation diagram illustrating the 

method for calibrating driving signals according to the 
present invention. 



Detailed Description 



[0022] Please refer to Fig.l. Fig.l is a function blocl< diagram of 
the inl<jet printer that utilizes the method for calibrating 
driving signals according to the present invention. The 
Inkjet printer 10 comprises a controller 12, a power-sup- 
ply circuit 14, an Inkjet printhead 16, a memory 18, and 
an image-capturing module 19. The Inkjet head 16 com- 
prises a driving circuit 20, a heating device 22, and a noz- 
zle layer 24, wherein the driving circuit 20 is used for 
driving the heating device 22 to eject ink drops through 
the nozzle layer 24. The driving circuit 20 comprises a 
plurality of transistors 26. The heating device 22 com- 
prises a plurality of heating resistors 28. The nozzle layer 
24 comprises a plurality of nozzles 30. Further, the mem- 
ory 18 is used as a buffer for storing the data 32 that will 
be printed later. For example, the data 32 is the print data 
that a computer outputs, so the controller 12 drives the 
nozzles 30 of the Inkjet head 16 on a medium 34 to exe- 
cute the printing related operation according to the data 
32. It means that the Inkjet printer 10 drives the nozzles 
30 to print data on the medium 34 by heating the corre- 
sponding heating resistors 28 mentioned above. In this 
embodiment, the image-capturing module 19 (such as a 



CCD sensor device) is used for detecting the printing pat- 
terns on the medium 34 to produce the corresponding 
images. The function of the image-capturing module 19 
will be explained later. 
[0023] When the Inkjet printer 10 starts a printing operation, the 
controller 12 first loads the data 32 temporarily stored in 
the memory 18 (such as a DRAM) and then generates the 
control signal SI to the driving circuit 20 for controlling 
whether the transistor 26 turns on or off according to the 
data 32. For example, the transistor 26 is a NMOS, and 
the control signal SI is the gate of the input transistor, so 
the control signal SI can control the voltage level of the 
transistor 26 to determine whether the channel is formed 
or not. Furthermore, the power-supply circuit 14 is elec- 
trically connected to the drain of the transistor 26, and 
the heating resistor 26 is electrically connected to the 
source of the transistor 26, so when the transistor is 
turned on by the control signal SI, the driving circuit 20 
generates a driving signal S2 to the heating device 22. It 
means that the driving voltage Vp provided by power- 
supply circuit 14 drives the heating resistor 28 through 
the driving signal S2. At last, when the heating resistor 28 
drives the ink to reach a predetermined energy, the ink 



can be ejected through the corresponding nozzle 30. As 
mentioned in the above, the heating time of the driving 
signal S2 applied to the heating resistor 28 is controlled 
by the control signal SI, and the heating efficiency of the 
driving signal S2 applied to the heating resistor 28 is con- 
trolled by the driving voltage Vp. In another words, the 
control signal SI and the driving voltage Vp impact the 
waveform of the driving signal S2. Additionally, as it is 
known, the driving signal S2 further comprises a pre-heat 
pulse that is used for maintaining the consistency of the 
output ink ejected through different nozzles. 
[0024] Please refer to Fig. 2, which is a waveform diagram of the 
driving signal S2 shown in Fig.l. In Fig. 2, the driving sig- 
nal S2 comprises a pre-heat pulse PI and a main driving 
pulse P2 wherein the time duration Tl of the pre-heat 
pulse PI is shorter than the time duration T2 of the main 
driving pulse P2, and a time interval dT is between the 
pre-heat pulse PI and the main driving pulse P2. As men- 
tioned in the above, the voltage level of the driving signal 
S2 is controlled by the driving voltage Vp outputted by the 
power-supply device 14, so the voltage levels of the pre- 
heat pulse PI and the main driving pulse P2 both corre- 
spond to the driving voltage Vp. If the time duration T2 of 



the main driving pulse P2 is too long, the heating resistor 
28 provides too much energy to the ink. And if the time 
duration T2 of the main driving pulse P2 is too short, the 
heating resistor 28 cannot provide enough energy to the 
ink. If the time duration Tl of the pre-heat pulse PI is too 
long, the bubbles of the ink are not stable to impact the 
size of the drops of output ink ejected through the noz- 
zles. On the contrary, if the time duration Tl of the pre- 
heat pulse PI is too short, the effect of the pre-heating is 
not good. Further, if the time interval dT between the pre- 
heat pulse PI and the main driving pulse P2 is too short, 
the pre-heat pulse PI and the main driving pulse P2 are 
regarded as one pulse so that the heating resistor 28 is 
driven continuously during the time duration T1+T2 
meaning that the heating resistor 28 overheats the ink. 
[0025] To put the above together, if the waveform of the driving 
signal S2 is not good, the ink-jet head cannot print a pat- 
tern with good print quality on a printing medium. Be- 
cause time duration Tl, time duration T2, time interval 
dT, and driving voltage Vp all impact the waveform of the 
driving signal S2, and the driving signal S2 is generated by 
the controller 12 controlling the power-supply circuit 14 
and the Inkjet head 16, the method for calibrating the 



driving signal in tlie invention can utilize the controller 12 
to control the time duration Tl, time duration T2, time in- 
terval dT, and driving voltage Vp for generating different 
driving signals S2 to drive the Inkjet head 16 to form a 
plurality of test patterns on the medium 34 so that the 
best setting of the Inkjet head 16 can be determined . The 
operation is as follows. 
[0026] Please refer to Fig. 3, which is the first operation diagram 
of the method for calibrating driving signals according to 
the present invention. The Inkjet head 16 is driven by dif- 
ferent test driving signals 35a, 35b, 35c, and 35d, all of 
which have different waveforms, and separately prints a 
test pattern on a plurality of swaths36a, 36b, 36c, and 
36d on the medium 34. The test driving signals 35a, 35b, 
35c, and 35d are the first kind of the test driving signals 
of the method for calibrating driving signals according to 
the present invention. As shown in Fig. 3, the test patterns 
are three oblique lines 37a, 37b, and 37c wherein the 
three oblique lines 37a, 37b, and 37c correspond to dif- 
ferent colors. For example, the Inkjet printer 10 is a color 
printing device. It means the cartridge of the Inkjet printer 
10 comprises a cyan ink, a magenta ink, and a yellow ink. 
The cartridges of the jet printer 10 utilize the CMY color 



system to print color patterns. In the embodiment, three 
oblique lines 37a, 37b, and 37c respectfully correspond to 
the ink ejected through a cyan-ink nozzle, a magenta-ink 
nozzle, and a yellow-Ink nozzle. 

[0027] As shown in Fig. 3, the pre-heat pulses of each test driving 
signal 35a, 35b, 35c, and 35d have the same time dura- 
tion, the time interval between the pre-heat pulse and the 
main driving pulse is equal, and the power-supply circuit 
14 provide the same driving voltage Vp to each driving 
signal 35a, 35b, 35c, and 35d. The main difference 
among the test driving signals lies in the time duration of 
the main driving pulses of each test driving signal 35a, 
35b, 35c, and 35d. As shown in Fig. 3, the time duration 
of test driving signal 35a is the shortest, and the time du- 
ration of test driving signal 35d is the longest. Therefore, 
the method for calibrating the driving signal according to 
the invention is: selecting the test pattern that has the op- 
timal print quality from the four test patterns on the 
swaths 36a, 36b, 36c, and 36d and then utilizing the driv- 
ing signal with the optimal test pattern to be the optimal 
driving signal of the ink-jet head from among all the test 
driving signals 35a, 35b, 35c, and 35d. 

[0028] Please refer to Fig. 4, which is a diagram of a close-up 



view of the oblique line 37a shown in Fig. 3. The oblique 
line 37a is actually formed by a plurality of ink drops 38. 
Three drops of ink 38 are outputted by a nozzle 30 of the 
inkjet head 16, which is driven by the test driving signal 
35a, to form a short horizontal line. Because the test driv- 
ing signal 35a continuously drives the nozzle 30 of the 
inkjet printhead 16 to output three ink drops 38 to forma 
short horizontal line, a series of short horizontal lines are 
formed. As shown in Fig. 4, when all the short horizontal 
lines are combined, an oblique line is formed as shown in 
Fig. 3. The oblique lines 37b, and 37c are both formed in 
the swath 36a according to the same operation. In addi- 
tion, the oblique lines in the other swaths 36b, 36c, and 
36d are also formed according to the same operation. In 
this way, the best driving signal of the ink-jet printhead 
16 can be determined by comparing the test patterns 
formed on the swaths 36a, 36b, 36c, and 36d. 
[0029] For example, if the time duration of the main driving 

pulse is not long enough, the heating resistor 28 cannot 
provide enough energy for the ink drops meaning that the 
ink drops cannot ejected through the nozzle 30, the size 
of ink drops is too small, or the ink drops reach the 
medium 34 late, deviating by a noticeable degree from the 



pre-determined position. Because of the deviation, tlie 
oblique lines 37a, 37b, and 37c may change shape by be- 
coming a distorted line or a broken-off line. Similarly, if 
the time duration of the main driving pulse is too long, 
the heating resistor 28 provides more energy than what 
the ink drops need to be ejected through the nozzle 30. 
This causes either the size of the ink drops ejected 
through the nozzle to be too big, or the ink drops to 
reach the medium 34 too early, thereby deviating the pre- 
determined position. Early deviations also make the 
oblique lines 37a, 37b, and 37c change shape by becom- 
ing a distorted line or a broken-off line. 
[0030] Please refer to Fig. 5, which is a diagram of the oblique 
lines 37a, 37a, and 37a" printed in different swaths 36a, 
36b, and 36c shown in Fig. 3. Fig. 5 only shows three 
oblique lines 37a, 37a", and 37a"" for the purpose of eas- 
ier explanation. As shown in Fig. 5, because the heating 
resistor 28 cannot provide enough energy to the ink drops 
for ejection through the nozzle 30, the oblique line 37a 
on the swath 36a is less continuous than the oblique line 
37a" on the swath 36b. Further, because the heating re- 
sistor 28 provide more energy than that the ink drops 
needed for ejection through the nozzle 30, the oblique 



line 37a"" on the swath 36c is much more distorted than 
the oblique line 37a" on the swath 36b. Consequently, the 
driving signal corresponding to the test pattern on swath 
36b is chosen to be the driving signal of the Inkjet print- 
head 16. 

[0031] In other words, the method for calibrating driving signals 
according to the present invention can be that users judge 
the result of the test patterns on the swaths 36a, 36b, 
36c, and 36d to select a test driving signal that has the 
smallest ink-drop-shift, which corresponds to the test 
oblique line that suffers the least from distortion and 
break-off, to be the driving signal of the Inkjet printer 10 
for printing data. 

[0032] Please refer to Fig. 6, which is the second operation dia- 
gram illustrating the method for calibrating driving sig- 
nals according to the present invention. The test driving 
signals 39a, 39b, 39c, and 39d, which all have different 
waveforms, each take turns to drive the Inkjet printhead 
to print a test pattern on a swath 36a, 36b, 36c, and 36d; 
the test driving signals 39a, 39b, 39c, and 39d are the 
second kind of test driving signals of the method for cali- 
brating driving signals according to the present invention. 
As shown in Fig. 6, the test patterns are three color-blocks 



40a, 40b, and 40c wherein each of the three color-blocks 
40a, 40b, and 40c are respectfully correspond to a differ- 
ent color. For example, three color-blocks 40a, 40b, and 
40c are separately corresponding to the cyan-ink nozzle, 
the magenta-ink nozzle, and the yellow-ink nozzle. As 
one can see, the time duration of all pre-heat pulses and 
the main driving pulses of the test driving signals 39a, 
39b, 39c, and 39d are the same, and the power-supply 
circuit provides the same driving voltage Vp to each test 
driving signal 39a, 39b, 39c, and 39d. The main differ- 
ence lies in that the time interval dT between the pre-heat 
pulse and the main driving pulse of the each driving signal 
39a, 39b, 39c, and 39d are different. As shown in Fig. 6, 
the time interval dT between the pre-heat pulse and the 
main driving pulse of the test driving signal 39a is the 
shortest, and the time interval dT between the pre-heat 
pulse and the main driving pulse of the test driving signal 
39d is the longest. The method for calibrating driving sig- 
nals according to the present invention is determining the 
optimal driving signal of the Inkjet printhead 16 from all 
the test driving signals 39a, 39b, 39c, and 39d by judging 
the print results of the test patterns on the swaths 36a, 
36b, 36c, and 36d. 



[0033] Please refer to Fig. 7, which is a diagram of a close-up 
view of the color-blocl< 40a shown in Fig. 4. The color- 
block is actually formed by a plurality of ink drops. Two 
adjacent ink drops 38a, and 38b in the color-block is 
ejected through the two different nozzles 30a and 30b of 
the three distant nozzles 30 of the Inkjet printhead 16; 
the test driving signal 39a separately drives two non- 
adjacent nozzles 30a and 30b of the Inkjet printhead 16 
to output the ink drops 38 so that the ink drops 38 out- 
putted by non-adjacent nozzles 30 can be used for de- 
tecting the distribution of the ink drops 38 on the color- 
block 40a. The color-blocks 40b and 40c are formed on 
the swath 36a according to the same operation. Further, 
the color-blocks on the other swaths 36b, 36c, and 36d 
are formed according to the same operation. The print re- 
sults of the test patterns formed on the swaths 36a, 36b, 
36c, and 36d are then judged to select the test pattern 
that has the optimal print quality to be the optimal driving 
signal of the Inkjet printhead 16 from among all the driv- 
ing signals 35a, 35b, 35c, and 35d. 

[0034] The time interval dT affects the print quality in the follow- 
ing ways. If the time interval dT is too short, the pre-heat 
pulse PI causes the main driving pulse P2 to be a wider 



printing signal. Consequently, the actual positions of the 
ink drops 38 will shift from the ideal positions, meaning 
that the ink drops 38 will spread on the color-block 40a 
irregularly. If the time interval dT is too long, the pre- 
heating will not be long enough. This results in the sizes 
of the ink drops changing, which thereby generates dif- 
ferent consistency in colors and results in making the 
color-uniformity of color-block 40a poor. Therefore we 
determine which test driving signal is the optimal driving 
signal by judging the sizes of the ink drops and the color- 
uniformity of the print result of the color-block 40, 
wherein the driving signal that we select will be used for 
the driving signal that is used in the actual print operation 
of the jet printer 10. 
[0035] Additionally, the driving signals 39a, 39b, 39c, and 39d 
shown in Fig. 6 can be used to drive the ink-jet printhead 
16 to generate the test patterns (the oblique lines 37a, 
37b, and 37c) shown in Fig. 3. The users then select the 
test driving signal that has the smallest deviation value 
(the oblique line with the least apparent break-off and the 
smallest degree of the shape-change and distortion) ac- 
cording to the deviation value of shifting the ideal posi- 
tion of the ink drops of the test patterns. The driving sig- 



nal selected by the users is used for the driving signal of 
the jet printer 10 in the actual printing operation. It can 
also accomplish the aspect for calibrating the driving sig- 
nals according to the present invention. 
[0036] Please refer to Fig. 8, which is a waveform diagram of the 
third kind of test driving signals used in the method for 
calibrating driving signals according the present inven- 
tion. In the Fig. 8, different test driving signals 41a, 41b, 
41c, and 41d drive the Inkjet printhead 16 to conduct the 
operation of calibrating driving signals. As one can see, 
each time duration of pre-heat pulse of test driving sig- 
nals 41a, 41b, 41c, and 41d is the same, the time interval 
of between the pre-heat pulse and the main driving pulse 
is the same, and the time duration of the main driving 
pulse is the same. The main difference lies in that the 
controller 12 drives the power-supply circuit 14 to pro- 
vide different driving voltages Vp to each driving signal 
41a, 41b, 41c, and 41d. As shown in Fig. 8, the voltage 
level of test driving signal 41a is the lowest, and the volt- 
age level of test driving signal 41d is the highest. The test 
driving signals 41a, 41b, 41c, and 41d can be used to 
drive the ink-jet printhead 16 to generate the test pat- 
terns (oblique lines 37a, 37b, and 37c) shown in Fig. 3. 



The users then select the test driving signal that has the 
smallest deviation value (the oblique line with the least 
apparent break-off and the smallest degree of the shape- 
change and distortion) according to the value of shifting 
from the ideal position of the ink drops of the test pat- 
terns. The driving signal selected by users is used for the 
driving signal of the jet printer 10 in the actual printing 
operation. 

[0037] Please refer to Fig. 9, which is a waveform diagram of the 
fourth kind of test driving signals used in the method for 
calibrating driving signals according the present inven- 
tion. In Fig. 9, different driving signals 42a, 42b, 42c, and 
42d drive the ink-jet printhead 16 to conduct the opera- 
tion of calibrating the driving signals. As one can see, 
each time interval between the pre-heat pulse and the 
main driving pulse of each of the test driving signals 42a, 
42b, 42c, and 42d is the same, the time duration of the 
main driving pulse is the same, and the power-supply cir- 
cuit 14 provides the same driving voltage Vp to each driv- 
ing signal 42a, 42b, 42c, and 42d. The main difference 
lies in that the time durations of the pre-heat pulses are 
different. As shown in Fig. 9, the pre-heat pulse of the test 
driving signal 42a is shortest, and the pre-heat pulse of 



the test driving signal 42d is longest. The test driving sig- 
nals 42a, 42b, 42c, and 42d can be used to drive the ink- 
jet printhead 16 to generate the test patterns (the color- 
blocks 40a, 40b, 40c) shown in Fig. 6. The users can then 
select the driving signal of the Inkjet printer 10 in the ac- 
tual printing operation used for printing a data according 
to the color-uniformity, the sizes of ink drops, and the 
concentration of colors. 
[0038] Please refer to Fig. 10, which is the third operation dia- 
gram illustrating the method for calibrating driving sig- 
nals according to the present invention. The Inkjet print- 
head 16 is driven by different test driving signals 35a, 
35b, 35c, and 35d that have different waveforms and 
print a plurality of test patterns 46a, 46b, 46c, and 46d on 
the swath 44a, 44b, and 44c of the medium 34. As shown 
in Fig. 10, each test pattern 46a, 46b, 46c, and 46d com- 
prises a color-block 48 and a plurality of lines 50 with the 
color-block 48 and a plurality of lines 50 being formed in 
the same way as that of the color-block 40a, 40b, and 40c 
and the color-block 37a, 37b, and 37c. Therefore, the de- 
tailed description will not be repeated. A reminder, the 
Inkjet printer 10 in this embodiment is a color-printing 
device that utilizes the CMY color system to print color 



patterns. It means that the cartridge of the Inkjet printer 
10 comprises cyan inic, magenta inl<, and yellow ink. 
Therefore, the test patterns of the three swaths 44a, 44b, 
and 44c correspond to the cyan ink, the magenta ink, and 
the yellow ink. The final result is that it can accomplish 
the task of separately calibrating the nozzles that the cyan 
ink, the magenta ink, and the yellow ink are ejected 
through. 

[0039] As the mentioned above, in each of the test driving sig- 
nals 35a, 35b, 35c, 35d, the main difference lies in that 
the time duration of the main driving pulse of each test 
driving signal 35a, 35b, 35c, 35d is different. If the time 
duration of the main driving pulse is not enough or too 
long, the heating resistor 28 cannot provide enough en- 
ergy to the ink drops for ejection through the nozzle 30, 
meaning that the size of ink drops is too small and/or the 
ink drops shift too much from the pre-determined posi- 
tion when reaching the medium 34. Therefore, the line 50 
may break-off because that the ink drops cannot leave the 
nozzle 30, or the line 50 may change shape because the 
position of the ink drops shifts. In other words, the 
method for calibrating driving signals according to the 
present invention can utilize the line 50 of each test pat- 



tern 46a, 46b, 46c, and 46d to detect the deviation value 
of tlie inic drops that shift from the ideal position and then 
select the test driving signal that has smallest deviation 
value (the line 50 has the smallest degree of the shape- 
change and distortion) to be the driving signal of the Jet 
printer 10 in the actually printing operation for printing 
data. 

[0040] Furthermore, the method for calibrating driving signals 

according to the present invention can also utilize the test 
driving signals 39a, 39b, 39c, and 39d shown in Fig. 6 to 
drive the Inkjet printhead 16 for generating the test pat- 
terns 46a, 46b, 46c, and 46d shown in Fig. 10 and then 
select the optimal test driving signal to be the driving sig- 
nal of the Inkjet printer 10 in the actual printing operation 
for printing data according to the deviation value of the 
ink drops that shift from the ideal position of line 50(the 
degrees of shape-change and distortion of the line 50), 
the uniformity of color-block 48, the concentration of col- 
ors, or the size of ink drops of the test patterns 46a, 46b, 
46c, and 46d. It can also accomplish the part of the 
method for calibrating driving signals according to the 
present invention. 

[0041] Similarly, the method for calibrating driving signals ac- 



cording to the present invention can also utilize the test 
driving signals 41a, 41b, 41c, and 41d shown in Fig. 8 to 
drive the inkjet printhead 16 for generating the test pat- 
terns 46a, 46b, 46c, and 46d shown in Fig. 10 and then 
select the optimal test driving signal to be the driving sig- 
nal of the inkjet printer 10 in the actual printing operation 
for printing data according to the deviation value of the 
ink drops that shifts from the ideal position of line 50(the 
degrees of shape-change and distortion of the line 50). It 
can also accomplish the part of the method for calibrating 
driving signals according to the present invention. Still 
yet, the method for calibrating driving signals according 
to the present invention can also utilize the test driving 
signals 42a, 42b, 42c, and 42d shown in Fig. 9 to drive the 
inkjet printhead 16 for generating the test patterns 46a, 
46b, 46c, and 46d shown in Fig. 10 and then select the 
optimal test driving signal to be the driving signal of the 
jet printer 10 in the actually printing operation for print- 
ing data according to the uniformity of color-block 48, 
the concentration of colors, or the size of ink drops of the 
test patterns 46a, 46b, 46c, and 46d. It can also accom- 
plish the part of the method for calibrating driving signals 
according to the present invention. 



[0042] Please note that the test patterns utilized in the method 
for calibrating driving signals according to the present in- 
vention is not limited the color-blocks and lines. To be 
more specific, the method for calibrating driving signals 
according to the present invention can utilize other pat- 
terns as long as the degrees of shape-change and distor- 
tion in the test patterns and the uniformity of colors can 
be discerned by users and print quality of the test pat- 
terns can also be easily distinguished by users. 

[0043] Moreover, the method for calibrating driving signals ac- 
cording to the present invention can also utilize other 
tools to assist users to select the optimal test driving sig- 
nal. As shown in Fig.l, the image-capturing module 19 
can detect the print patterns on the medium 34 to gener- 
ate the corresponding images. Therefore, the images can 
provide information that the controller 12 needs to exe- 
cute image processing to analyze the print situation on 
the medium 34. For example, after the Inkjet printhead 16 
prints the test patterns, the image-capturing module 16 
will start to capture a plurality of images corresponding to 
the plurality of test patterns. Then the controller 12 uti- 
lizes an image processing program to analyze the position 
of ink drops (the deviation value of the line of the test 



pattern), the size of the ink drops, and the concentration 
of the inl< drops. Finally, the jet printer 10 can select the 
test pattern that has the best print quality according to 
the rules mentioned above and set the test driving signal 
corresponding to the test pattern with the optimal print 
quality to be the driving signal of the InkJet printhead 16 
for completing the procedure of automatically calibrating 
the Inkjet printer 10. 
[0044] Compared to the prior art, the method for calibrating 

driving signals according to the present invention utilizes 
different test driving signals that have different wave- 
forms to drive an Inkjet printhead on a medium for print- 
ing a plurality of test patterns and then selecting the test 
pattern that has the optimal print quality. Finally, the test 
driving signal corresponding to the test pattern with the 
optimal print quality is set to be the driving signal that the 
ink-jet printhead uses to print data. In other words, the 
method for calibrating driving signals according to the 
present invention calibrates the voltage level and pulse 
width of the driving signal separately and dynamically ac- 
cording to the hardware characteristic of an Inkjet print- 
head. Therefore, when a cartridge of an Inkjet printer is 
changed, the method calibrating the driving signals of the 



invention will start to calibrate every parameter of the 
driving signal that is used for the Inkjet printhead of the 
added cartridge so that the Inkjet printhead can utilize the 
calibrated driving signal to provide the best print quality 
in practical printing operation. 
[0045] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the append claims. 



